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Introduction: Potential Applications of the GSG

Education & Training:

* Nuclear and radio-chemists

* Health physicists

* Nuclear facility operators

 Radiation protection staff

* Nuclear safeguards inspectors

* Experts involved in the illicit trafficking incidents and consequence management

Real Applications:

* llicit trafficking incidents involving heavily shielded & volume sources: quick and
reliable evaluation of self-attenuation and shielding corrections

* Instrumentation, software & measurement techniques development: detection limits,
unusual/unavailable nuclide mixtures, special measurement conditions etc.

e Gamma-spectrum evaluation using full spectrum processing approach
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Measurement setup model implemented:
O
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Detector response profile model:
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Detector Reference Response Profile DATABASE:

Method:

* Monte Carlo simulation using specially developed and validated
program — DRGen (Detector Response Generator)

Content:

* Peak-to-Total efficiency ratios for FEP, SEP, DEP, XEP, and 511 keV
annihilation peak

e Continuum-to-Total efficiency ratios for Compton continuum and
Backscatter ,peak” distribution

e Parameterized shapes of Compton continuum and Backscatter
»peak® distribution

Scope:

* Detectors: Nal and High Pure Ge (HPGe)

* Crystal length and diameter grid: 20 mm — 120 mm with 10 mm step
* Photon energy grid: 61 points, 10 keV — 10 MeV

* Source-to-detector distance grid: 0 mm, 10 mm, 50 mm, 250 mm

* Total number of profiles generated: 2 x 121 x 61 x 4 =59048
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=« DRGen - Detector Response Generator

Detector configuratior

Detector: 0010

Source to detector distance :

Energy grid, kel

Emin :I MNumber of points :I

Emax :I [ Logarithmic
Mumber of tials, thousands
Wrmiry Mmax

Fequired accuracy, %

Peaks [¥ For all peaks
Continuurm [¥ For all regions

i Terminate |
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Mormalized continuum of direct gammas

NUCLEONICA: Gamma-Spectrum Generator

LEONICA, Karlsruhe, Germ

, 22-24 April, 2009

DRGen (Detector Response Generator):
creating the Detector Reference Response Profile Database

Calculation log:

Faint 1 fraom 61 {10 keV) == 1000000 trials for 12:00:27 A

Time remained: 12:27:28 AWM

Foint 2 fram 61 {11 ke¥) == 3000000 trials for 12:01:45 AM

Time remained: 1:44:07 A

Foint 3 from 61 {12 keY) == 2000000 trials far 12:01:10 A

Efficiencies
Total 2E10e-01  FEP: 8724201
SEF: 0.000=+00 DEP: 0.000=+00

Accuracy achieved, %
Total: 0.04 FEF: 0.04
SEFP: 0.00 DEP: 0.00

Direct gamma continuum regions:
Fegion #1: 0.00 Fegion #2:
Fegion #4: 0.00 Fegion #5
Scattered gamma continuum regions:

Fegion #1: 0.00 Fegion #2:

517 ket
XEP

5171 ke¥

HEP:

0.0
0.4z

1.0

: 0.000e+00 CD

1,269

2 7202204 CS: 1116201

: 000 ch:
1.80 Cs:

Fegion #3
Fiegion #6 :

Fegion #3

E: 153,49 ke¥ =3 Performed: 7000000 trials

014
014

0.0
1.06

»= DRGen - Detector, Response Generator

Detector configuration

Detector: 0401

Calculation log:

Institute for
Transuranium
Elements

Source to detector distance :

Energy grid, kel

Ermin :I Mumber of pointz :I

Emax :I

Mumber of trials, thousands
i

Required accuracy, %

[+ Logarithmic

Mmax

Peaks [+ Far all peaks
Continuum [ For all regions

§ Terminate |

.-

Mormalized continuum of direct gammas

Point 54 from 61 (4466 keV == 20000000 trials for 00:4417

Time remained: 05:10:05

Point 55 frarm 61 (5011 keV) == 20000000 trials for 00:44:04

Time remained: 04:24:27

Paoint 56 frorm B1 (8623 kel == 20000000 trigls for 00:45:145

Efficiencies

Total 2771e-02  FEP: 1.0282-02 511 ke¥

SEF: 2.808:-02 DEP: 4.788e-02 ~EP
Accuracy achieved, %

Total 0.13 FEP: 1.33 511 ke¥

SEF: 0.80 DEP: 0.61 REP:

Direct gamma continuum regions:

Region #1: 387 Region #2: 225

Fegion #4: 238 Fegion #5: 312

Scattered gamma continuum regions:
Fegion #1: 446

Fegion #2:  4.81

:1.830e-03 CD: 913701
o 0.000e+00 CS: 1.343e-01

: 310 ch:
0.o0 Cs:

Region
Fegion

Fegion

044
074

024
014

1} 1.000 2.000

Mormalized continuum of scattered gammas
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Features implemented: Measurement setup

= Nucleonica - Gamma Spectrum Generator, - Windows Internet Explorer

; - |@, http:fflacalhost: 1652 MeebSitel [ ApplicationSpectrum. aspx V| (| X | ‘ 2|~

7:? '1'% [@Nuclaonica-Gamma Spectrum Gensrakar l_l & 4 B @a = IﬁvPaga - f:} Tools - »
An arbitrary individual Eu152

. y . Gamma Spectrum Generator
nuclide or a pre-defined - e e .
. . 63 Europium
mixture of nuclides can
. - Actual chart: Karlsruhe
be selected as a radiation
Element: Maz=:
source Eu w| |152 - ﬂ Huclide Mixtures Selector
. L. Quantity: Reference point: “Cooling™ time:
The quantlty (aCt|V|ty, |Elequerel V‘ |1.35[Je+? | |Nuc\|de creation V‘ ‘year V| |5
mass or number of .
B Meazurement setup | Calculation results | Options |
atoms) of a nuclide or a
mlxture can be SpeCIerd Measurementtime: | sec ~ 11000 | Start Start in background | i<
e|ther at the moment Of | Current configuration: | HPGe, p-type, coaxial, Canberra GC-6020, rel. eff. 60% V| Delete | !:
its production or at the
Dimensions in
spectrum measurement
starting point of time. In i
the former case controls Source ]
for specifying duration of Crystal
. . diamet
a source cooling time [1oo_J} eemete
interval become diameter y
available.
Contact length
(700 ] 2]
b Source to Detector distance - Crystal length [] Show mare settings
Done ‘amca\ intranet H00% -

Institute for
Transuranium
Elements

Calculations can be
started on-line or in a
background mode

A suitable y-spectrometer
can be chosen from 6 pre-
defined configurations,
which include 2 coaxial
HPGe (50% and 150%)
detectors, low-energy
(LEGe) and broad-energy
(BEGe) HPGe detectors,
and 2 Nal detectors
(@3"x3" and J2"x1"). In
addition, user’s specific
configurations can be
managed.
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Features implemented: Measurement setup

Dimensions can Dimensions in | mm ¥
be entered in Filter

“mm”, “cm” or
“inch” units

The dimensions
of a cylindrical
contact at the
rear side of the

\ 4

Source Crystal
crystal (a
B B I - 3 Crystal construction
: diameter feature of
d(?ﬂmatﬁt = conventional
iameter .
o coaxial HPGe
detectors) can
The configurable i Contact length be specified
parameters _ -= i’
include the i " 100 JoL " »
source-to- Source to Detector distance N Crystal length Show rmore settings
detector
distance, as well
as d|mens_|0ns Filter: |Aluminum V| |[].2 | o [ Addtiiter Tayer | |<_ Upto6
and materials of _ : : : additional
the detector Input window: |Alum|num V| |[].5 | Mo. Layer material Thickness ] .
1 ol cocka v 3 oo | I Copper 10 absorbing filters
stal packaging: acuum . :
c?nstruiztlon ry | packaging | 9 Tin 05 made of Al, Cu,
elements. Inactive layer / Reflector: |German|um V| |U.5 | 3 Lead 01 Fe, Pb, Sn, or
MNumber of channels in the spectrum accumulated: | 8192+ 4 Aluminum 0.2 polyethylene can
be placed

Channel-to-energy conversion factor, keV/channel: |0.3

between source

Energy resolution (FWHM) in keV at 122 keV- and detector

Energy resolution (FYWHM) in keV at 1332 kel/: 1.8
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Features implemented: Options

EBX

ﬁ; Mucleonica - Gamma Spectrum Generator - Windows Internet Explorer

@.\— J |@, http: fflocalhast: 1652 wWebSike 1 fapplicationfSpectrum, aspax# V| 2| X | | 2~
- P - 3, »
inu? Ei [@Nucleonica—'&amma Spectrum Generator l ‘ ﬁ - B (e v o Page + (O Tools -

Efficiency Graph
can be activated
in the Calculation

Gamma Spectrum Generator
Natural Uranium

Actual chart: Karlsruhe

Nuclide Mixtures:

|Natura| Uranium

v | Nuclide Selector

Total

activity: Reference point:

|Elequerel

Vl |2_55Te+004| |Measurementstart hd

Measurement setup

Calzulation results | Options |

Gamma Spectrum Generator Settings:

Decay
calculations can
be enabled that

> Display detector efficiency curves
ReSU|tS OUtpUt Consider decay transformations during coaling and counting time intervals W||| a”OW
Include gamma-rays of daughter nuclides contributions
Decay Enging's accuracy factor from decay
The backscatter P> Consider effects of backscatter radiation prOdUCtS, being
peak simulation Backscatter peak normalisation factor accumulated

can be switched
on/off, and its
contribution to
the spectrum can
be adjusted

IDone

‘ﬂ Local intranet

A, 100%.

-

during source
cooling and
spectrum
measurement
time intervals
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Features implemented: Calculation results
M easurement setup Calzulation results | Options

Complete set of

Statistical number of counts | » Data displayed: |Stati9tica| number of counts |+ View/Save results in Text or Bxcel format  g— ) .
Court rate ot Star spectral information
Count rate at end Gamma-Spectrum Simulated for Nal (76.2 x 76.2 mm) can be downloaded
Theoretical number of counts as a text or Excel

Statistical number of counts S SRR EREREE R spreadsheet file

Right click within the
graph area enables
a context menu,
from which one can
print or download
the spectrum graph

Number of counts

Additional options
allow to customize
appearance of the
graph to meet one’s
| needs and
requirements

0 100 200 300 400 s00 B00 700 a0 00 1000
Channel number

Switch between

channel number and » Display: [JEnergy scale [ Spectrum continuum [ Contribution of scattered photons [IMare graph options <—
energy scale; show

eak’ continuum and MNo. Muclide Count rate at start, cps Count rate at end, cps Spectrum counts Display . .
Eackscatter eak 1 42 Mo 99 6.23E+01 6.22E+01 6.26E+04 0 < DISpIay fucide
. . P 2 43 Tc 99 6.70E-15 6.79E-15 0.00E+00 O SpeCI_ﬂC .
contributions to the 3 43Tc99m 2 6901 2 68E+01 2 70E+04 O < contributions to the

full spectrum Total 8.92E+01 8.90E+01 8.97E+04 full spectrum




B3 Microsoft Exce

E3 Microsoft Fxcel - GC-6020_Cs137_17

Institute for
Transuranium
Elements

I Ble  Edt View et 4] ple Edt Vew [nsat Format Tool i : g
5 T Calc¢ulation ; IS NucTide"Specif
i) arial oy e I = - -_-t_a;B;Arld e . B T8 y, 4 %l
T 2
A 5 | _¢ | D | E L= IImar | 8 [ ¢ T © T € T F T @ H | =
| 1_|Nucleonica - GAMMA SPECTRUM GENERATOR Version 1.0.0.1 1 = Activity, Bq Number of Count rate, cps Number of counts
2 ~—— Nuclide Ancestor
Bl T T 2 at start at end decays ai start at end theor. statist,
o C'r:afsg_ Nt - ;j-guggu'gr‘};?;gspm TS 3| 55Cs137  55Cs137 | 1000E+00 | 1000E+00 1000400 GES2E08 5652608  5EA2E08  0.000E+00
=1 : : SR A (4 | 56Ba13'm 55 Cs1¥ 9.437E-01 9.395E-01 9 416E-01 7.A77E-03 7.144E03 7.160E-03 0.000E-+10
B | SPECTROMETER: g . TOTAL: 0.000E+00  0.000E+00 | 0.000E+00 7.177E03 TA44E03 7.160E03  0.000E+00 L
7 |Configuration name Moname - - —
E Grystal type :HF'Ge 4 4 v M\ Parameters ) Nuclides { ¥- and Gamma-rays £ Efficency £ 56 Ba 137m [ |¢ ¥
| 9 [Crystal length 5200 mim Feady
|10 |Crystal diameter 7220 mm
| 11 |Contact length 36.00 mrn
| 12 |Contact diameter \10.00 mm 3 icrosoft Excel - GC-6020_Cs137_170mm_Spe
| 13 |Inactive layer 0.90 ulul Germanium He] E E® Yew st Fgmat ook Daa We Tiro- i aumstion LR
| 14 |Crystal packaging 5.00 mm Yacuum : = | =gl = MGjém m‘@@nd X'rﬁ;y D t Aty = s A
| 15 |Detector input window 1.50 mm Aluminum fud ::?d 'é'-_ﬁ j';* B bl oo e @ Q@'a =TI =0 3 INEMCAN-
| 16 |Mumber of additional filters \0.00 & I B z T il T E . 3 A T 1] " B —
|17 |Filter Mo.1 0. —— - _&W "_mﬁ  Emissionrate, 1/s  Photons  Peakregioncounts | Detection efficiency  Ancestors =
18 |Filter MNa.2 0.R 0 o 6020 [ . el at start at and emitted peak area | peak bkgr total FEP MDA, By
19 | Filter Mo.3 I = E1] G SB00ED6  SEO0E06  SEO0EDE  271SE08 | AOEOS | 7530E03 | A6IE03 | A41E+08
T = View Insert B, -8 Xy % 98FEDI | 9793E03  9EISE03  ODOOOE4I0 | 2757EQS | OCOOEH0 | OCODE4D NAN
e Ellier N, = T t‘@iem T - L X 1051602 | | 943E02 1 GTECR | SAWEQT | 3WOE05 | 2775E05 | 2676605 | 0GISE4E
| 21 |Filter Ma.& 0, TR 19 X 3 600E-02 3504E-02 3592602 1TEDE 330EDS 3 205605 JANEDS 1997 E+08
| 22 |Filter No.B 0. i & E, kev 40 % 1310E02 | 1304602 130EM | 2193E06 | 32011E05 | 1727ED4 | 16B1EDA | 5304E+7
| 23 [FPWHM at 122 ke 0. E [ C [ D E I F I G BSO00ED1 | B462ED1  BABIED! | 19E0EO3 | 2044E05 | BJISEL3 | 2311E03  1964E3
24 |FWHM at 1332.5 ke 1 E keV 1 FEP Eff. XEP Eff. SEP Eff. DEP Eff. Total Eff. 3
| 25 [Murnber of channels g 2 [ 1000E+D1 | B.50SE-15 | O.OO0E+00 | OOOOE+00 | D.000E+00 | 8.505E-15 hd Gamma-rays { Efficercy {56 B2 157m { 55Cs 137 [ Ful spectium | ¢ |
| 26 | Channek-to-Energy conversion gf 3| rOEsE-01 | 1.188E43 | OOOOE00 | D.OOOE+00 | OODDE0D | 1.218E-13
e e 14 B5] B913E+03 | 1A7BED4 | DOODE-D0 | 2510E04 | 1301E04 | A54EL3
fr e i lEB| 1000E+04 | 1305E-04  OOOOE+00 | 2304E04 | 1.176E-04 | 4578E-03
| 28 | Spectrum measurement time 1 G
29 =t o
et - | B8 |Absolute efficiency for 1332.5 keV photons at 25 cm: B.804E-04 . s
| 30| SOUFCE' 52 |Relative efficiency for 1332.5 keV photons at 25 cm: 56.70 |% =] ot Tocks  Data Ga% m a S @% Ct}r %FQ = <
| 31 |Nuclide ik : “lo - l@ A, ? b b a0 g 2R O A
| 32 | Quantity LRy e and Gammarays ) Efficiency {56 Ba 137m [ € | B ek nurmber :
| 33 |Reference point of time (MY Ready ] T E | E T & = 1 T 5 I % =
2T == ) =
% sircesn g el 2 il | 1] Eneray. keV/ Count rate at start, cps Count rate at end, cps Theoretical number of counts
5 | CALCULATION: | 2} b Continuum  Scattered Total | Continuum = Scattered Total Continuum  Scattered Total
=ty - : : : ] 020 2B37E-06 8.042E-07 2.650E-06 2 B25E-06 B.006E-07 2 633E-06 263E-06 8.024E-07 2 B44E06
ol Cons el decay transformations e 4| oe0 3185606 9725607 | 3208806 37IEDR | 9EBIED7  3204EDR | 3178E-06 | 9703E07 | 3211ER
i Includ= gaiiness of daiightet niglides Yes (5| 1m0 3335E06 | 101906 | 3376E-D6 | 3320EDE | 1015E06 | 3360E06 | 33NED6 | 10I7E06 | 3.36BE-0B
| 33 |Decay engine's accuracy factor |0.01 | 6| 140 3391E06 | 1035606 | 3304E-06 | 3366ED06 | 10W0ED6 | 3379506 | 3.373E-06 | 1.030E06 | 3387606
| 40 |Consider backscatter radiation Tes 7| 18 3400E06 1042606 | 3401ED5 | 3395606 | 1OWEDE | 3395E06 3 IELE  10I9E0E | 3393EDE
|41 |Backscatter peak nommalization factor 2 8| 2= 3411E-06  1.046ED6 | 3411E06 | 339E06 | 1042E06  3396E06  3404E-06 1044E06 | 3 404E06
42 | v 91 2@ F421F0R | 10A0FOR | S4PIFSR | 340AFNR | 1N4RFDR | A4MAFAR  3413F06 | 1 NMRRAR | 3415FRMR | ™
W« » v\Parameters { hudides / ¥- and Gammarays /[ E|< [ | H 4 b Wl Effdency )56 Ba 137m (55 C 137 { Full spectium / I« 3
Ready Ready
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Calculation results : Detection Efficiency

Detection efficiencyfor Nal (76.2 x76.2 mm)
[— Total — FEP —— SEF DEP *EP |
2
10
107
oy
g
5 10
E=
@
2
5 0’ Right click within the
< graph area enables
s a context menu,
] e o LS sEREE from which one can
o AR L e print or download
10" the efficiency graph
Gamma-ray energy, keV
Select efficiency — Efficiencies displayed: [¥]Full Energy Peak (FEP) (I Single Escape Peak (SEP) [ Total
data to be d|sp|ayed [“] ¥-ray Escape Peak (XEP)  [¥]Double Escape Peak (DEP) [“IMare graph options €—— Additional options
allow to tailor the
on the graph K-axis settings: Y-axis settings: ffici ht
Scale Tick steps Scale Tick steps e IC’IenCy grap Y
[+ Auto [“]Log [“] Auto [¥] Auto []Log [¥] Auto one S needs and
Minimum Major step Minimum Major step reqUII’ementS
Maximum Substeps No Maximum Substeps Mo
Grid lines Ticks Grid lines Ticks

[ majer [ Minor Min [Mout []Labels [“Imajor [ Minor Min  [“lout []Labels
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Examples:

100 kBq ¢°Co

1 g Nat U (2 years after separation)

Number of counts

2000

1500 +

1000 +

500

G Spectrum Simulated forNal (76.2 x 76.2 mm)

N Feshs |

[ Scattering cortribution R Continuum

400

500 800
Gamma-ray energy, ke\f

1000 1200 1400

Number of counts

G Spectrum Simulated for HPGe (rel. eff. 8.0%)

W Fesks ]

[mm Scattering contribution R Continuum

0 25 a0 75 100 125 150 175
Gamma-ray energy, ke\f

200 225 250 275

Detector - Nal (£3"x3")
Source-to-detector distance - 25 cm
Measurement time - 1000 s

Detector — LEGe (20 mm x 2800 mm?)
Source-to-detector distance — 25 mm
Filter — 0.5 mm Sn

Measurement time - 10° s
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NUCLEONICA: Gamma-Spectrum Generator

2.0e+4

Spectrum Si

lated for Nal (6.2 % 76.2 mm)

95 Am 241 . 55 Cm 244

Al other nuclides |

Examples:

Detector — Nal (23"x3")
Source-to-detector distance — 25 cm

Filter — 5 mm Pb
Measurement time - 1000 s

Actinides extracted from 1 kg 6-year-
aged PWR spent fuel. Activity - 5.25 TBq

Detector — BEGe (30% rel. eff.)
Source-to-detector distance — 25 cm

188+ +
£
£ <
H <
] |
-
S 1.0e+ +
@
_=
E
=
5.0e+3 1
0.0e+] F————rt t
400 200 G600
Gamma-ray energy, keV
Gamma-Spectrum Simulated for HPGe (rel. eff. 30.6%)
95 Am 241 . 55 Cm 244 Al other nuclides |
30e+5 T
25845 | '
E 2.0e+d + |
H
2 [
-
° 1.5etd
3 r I
_=
E [ <
= 1.0e+5
[ TN
! |
i
5. 0e+4 1 | I jr
I I .
wﬁh"‘ﬂ l| U a
) TP, {
0.0ed +——tt———+———F——t———t ....l.-&fw'....;..;.
400 200 G600

Gamma-ray energy, keV

Filter —= 5 mm Pb
Measurement time - 1000 s
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Current work:

NUCLEONICA: Gamma-Spectrum Generator

Institute for
Transuranium
Elements

* Including background gamma spectrum from naturally occurring radionuclides,
which will make the spectrum shape and MDA evaluations more realistic.

Additional measurement setup properties:
Ahbsorhing filter layers:
Input window:

Crystal packaging:

Inactive layer / Reflector:

ADC and energy resolution parameters:

MNumber of spectrum channels

Channel-to-energy conversion factor, keW/channel

Energy resolution (FWHM) at 122 keV, keV
Energy resolution (FWHM) at 1332 keV, keV

Tay peak and continuum intensities, cps:

Count rate in 185.7 keV peak of U-235
Count rate in 238.6 keV peak of Pb-212 (Th-232)

Count rate in annihilation 511.0 keV peak
Count rate in 609.3 keV peak of Bi-214 (U-238)

Count rate in 661.6 keV peak of Cs-137
Count rate in 1332.5 keV peak of Co-60
Count rate in 1460.8 keV peak of K-40

Continuum count rate (0 - 3 MeV)

Meazurement setup Calculatioh results Options

Gamma Spectrum Generator Settings:
Display detector efficiency curves

Consider decay transformations during cooling and counting time intervals
Consider effects of backscatter radiation

Consider bremsstrahlung photon creation

KOOOO

Simulate natural gamma-ray background

A respective option has to be
selected on ,Options*” tab to enable
the background simulation
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Current work: Natural background simulation

e al0Bg '¥Cs source at 10 mm distance from 150% HPGe with natural background
photons included

Gamma-Spectrum Simulated for HP Ge (rel. eff. 142.6%)
| 56 Ba 137m mmm Al other nuclides |
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10
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Current work:

e Bremsstrahlung simulation

Measurement setup Calculation results Options A g am m a—S p eCtru m S i m u I ated fo r th e 10 M B q 9OSr—goY

Gamma Spectrum Generator Settings: S O U rC e an d 50% H PG e

[] Display detector efficiency curves

[] Consider decay transformations during cooling and counting time intervals

Gamma-Spectrum Simulated for HPGe (rel. eff. 52.0%)
[ Scattering cortribution s Continuum . Fecks |

[ Consider effects of backscatter radiation

Consider bremsstrahlung photon creation

Bremsstrahlung spectrum normalisation factor
[ Simulate natural gamma-ray background 105
I 2 0t
A respective option can be s o
selected on ,Options*” tab to 2
enable the bremsstrahlung Z 10’
simulation.
10"
10°

0 500 1000 1500 2000
Gamma-ray energy, ke\f
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Current work:

* Physical photon spectrum visualization

teasurement setup Calculation results Optionz

Data displayed: | Physical spectrum at start v View/Save results in Text or Excel format

Physical Gamma-Ray Spectrum .
" (MW 55Cs1o7(D)  WEE Soba137m(D) W Gkor (D) — Bk (©) ; 4.46% Uranium source and

L natural background photons

Measurement setup Calculation results Optionz

o
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Data displayed: | Physical spectrum at start v View/Save results in Text or Excel format

Physical Gamma-Ray Spectrum
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Current work:

NUCLEONICA: Gamma-Spectrum Generator

Institute for
Transuranium
Elements

* Including self-attenuation and scattering effects, which would allow more realistic
simulation of gamma-spectra from voluminous and shielded sources.

Eu1s2

5n [azmn

s

easyMonteCarlo
63 Europium

:

Actual chart: Karlsruhe

Dosimetry & Shielding with Neutrons & Gammas

Unshielded ¢°Co:

Element Mass Mixture selector Shield Detector
Actiity (Bg) ~| [1E+10 @ Element O doserate
[ Resume ” Pass spectrum to GSG ]
Geomely | Source Options | Resulls
Shield ’4—. Dimension in cm
(%) Gamma emitter 4
y EI.
2 Meutron emitter /
Source
Detector

o\|
w
|
/

Source to shield |40 |

Source to Detector 100 5

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
[ Scattering cortribution e Continuum — Pesks |
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60Co behind 12 cm Al shield:

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
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Current work:

Extending the detector response profile database to include LaBr; scintillators that,
because of their much superior energy resolution, start to replace traditional Nal

crystals in many applications.

Future work:

Include simulation of the spectrum distortion effects (e.g. due to coincidence
summing and energy resolution deterioration), which may appear in measurements
involving elevated count rates and small source-to-detector distances.



Thank you for your attention !

nuclennlca-'.'
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Exercises:

1. The measurement setup is similar to the default configuration “Nal,L x D=11in x 2 in (default)”. You
are going to calibrate it using the 1 MBq %°Co and 1 MBq *3’Cs reference gamma sources.
Approximately, how many statistical counts can you expect within 100 s in the corresponding
gamma-spectra? Make the evaluations with and without backscattered photon contribution.

54 kY 30.07y
: ¥ el +
~ 60 0P AS = S
ki FEas o 55CS &
Q, =2823.9 o W § Q, =1175.63 &
LSO Ko & ~
S0 & & -
99.925% 754 vOS OF K 2505.765 ; - o
1))
0.057% 1502, 2¢ |y [ 1332516 713 ps
+
o+ y 0 ctable 56% 121, 302 137 0 stable
60nI;
28N| 5638

Answer: %°Co - without backscatter photons ~1.66-10° and with backscatter photons =1.91.10° counts,
B37Cs - without backscatter photons =1.06-10° and with backscatter photons =1.18-10° counts.
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Exercises:

2. You have to measure the 10 MBqg *?2Eu source with Nal (3"x3") scintillation detector in the
measurement setup similar to the default configuration “Nal, L x D =3 in x 3 in (default)”. In your
disposal there are three lead filters — 1 mm, 3 mm and 5 mm thick. Find the right combinations of the
filters, which would make the measurement possible, assuming that your electronics can cope only
with input count rates below 20 kcps (kilo counts per second). Check if the same electronics and

filters will allow you to perform the measurement in the configuration “HPGe, coaxial, p-type, rel. eff.
150% (default)”.

Answer: Valid filter combinations: 3mm + 5 mm (18.8 kcps) and 1 mm + 3 mm +5 mm (17.2 kcps).
The electronics is not suitable for the configuration with 150% HPGe detector since even for the
thickest filter combination the predicted input count rate is 22.6 kcps.

3. What is the relative efficiency of the HPGe detector with crystal length — 30 mm, crystal diameter — 50
mm, rear contact length — 20 mm, rear contact diameter — 10 mm, inactive Ge — 1.5 mm, cap thickness

— 1 mm Al, and crystal to cap distance — 5 mm? What crystal length doubles the detector relative
efficiency?

Answer: Relative efficiency = 10.5%. Crystal length L = 46.5 mm gives 21% relative efficiency.
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Exercises:

4. The 1 g natural uranium sample (?**U — 0.000055 g, %3°U — 0.0072 g, U — 0.992745 g) was measured
twice on the same Nal (3"x3") scintillation spectrometer (configuration “Nal,Lx D=3 in x 3in
(default)”). The first and the second measurements were performed for 100000 s respectively 10 days
and 1 year after the uranium separation. What are the relative contributions of 23°U and 238U to the
gamma-spectrum measured in both cases? When modeling the spectra, use 1 mm Pb filter to imitate
the self-attenuation properties of the sample.

Answer: After 10 days 23U - 76% and 238U - 24%; after 1 year 23°U - 46% and 238U - 54%.

5. Based on the gamma-spectrometric examination of a source, the presence of °Co with activity 100
kBq was revealed. Which of the default GSG measurement configurations are suitable for detecting an
additional presence of 50 Bq of 2!Am in the same source by performing a 1000 s long measurement?

Answer: Configurations with LEGe and BEGe detectors. The respective MDAs are 12,2 Bq and 18,6 Bq.
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